In a recent paper ('13) we have shown that there is biparental inheritance of the rate of fission in Paramecium-the two lines of progeny descended from a pair of conjugants being more alike in their rates of fission than would be the case if their parents had not conjugated. The present paper examines the question whether there is likewise biparental inheritance in size as a result of conjugation.
In a recent paper ('13) we have shown that there is biparental inheritance of the rate of fission in Paramecium-the two lines of progeny descended from a pair of conjugants being more alike in their rates of fission than would be the case if their parents had not conjugated. The present paper examines the question whether there is likewise biparental inheritance in size as a result of conjugation.
The material for this examination was derived from the extensive Experiment 16, described in our previous paper. I n this experiment 482 lines of propagation, derived from the two members, a and b, of 241 pairs, were cultivated side by side, under uniform conditions, for forty-seven days. In addition to the main slide cultures, employed for the study of the rate of fission, there was kept a small mass culture of each line. Thesemass cultures were likewise kept under uniform conditions; they furnished for measurement large numbers of specimens of each line.
On April 17, 1913, twenty-five days after conjugation, and nineteen days after the mass cuftures were set in progress, a considerable number of specimens from each line were killed in Worcester's fluid and preserved for measurement. Later, 2687 of these specimens were measured. Those .measured belonged to 86 diverse lines, derived from 43 diverse pairs of conjugants; thus on the average a trifle above 31 specimens were measured from each of the 86 lines. The numbers measured varied, however, from 16 to 66 for given lines (table 3) .
It would of course have been of interest if descendants from a larger number of pairs could have been included, but the details of conducting so large an experiment as this one, concerned mainly with the study of the rate of fission, are so laborious that we did not find it possible to measure a larger number. It appears hardly probable that even so large a number will soon again be measured, under the necessary conditions; moreover, the results reached from the study of these 2687 specimens seem clear.
Before proceeding to the study of these descendants of the pairs, we must first examine the original wild culture, to determine what the similarity is between the members of the pairs, owing to assortative mating. Pearl ('07) and the' senior author ('11 have shown that there is a considerable degree of assortative mating with respect to size, in Paramecium; larger specimens tend to mate with larger; smaller with smaller. This tendency is measured by the coefficient of correlation in size for the two members, a and b, of the pairs. In the senior author's extensive study of 
Measurements i n length of 180 non-conjugants taken at random from the culture from
The unit of measure which were derived the conjugants employedin the experiment. i s 4 microns. LENGTH the matter ('11) it was found that in 'wild' cultures of Paramecium caudatum, such as we are here dealing with, the coefficient of correlation in size due to assortative mating averages about 0.380.
In the culture from which our conjugants of the'present Experiment 16 were derived, there were measured 92 conjugatingpairs (184 specimens), and 180 non-conjugants. The results of these measurements are given in tables 1 and 2. The unit of measurement was 4 microns.
The non-conjugants varied in length from 164 to 280 microns, the mean length being 222.890 * 1.020 microns, with a standard deviation of 20.299 * 0.722 microns and a coefficient of variation of 9.099 * 0.323 per cent.
The conjugants showed, as always, less variation than the non-conjugants; the length varied from 168 to 236 microns. 
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Length of a
The mean size is 193.283* 0.475 microns; the standard deviation 9.550 * 0.336 microns (Shepard's correction being employed), and the coefficient of variation is 4.941 * 0.174 per cent.
The important point, for present purposes, is the coefficient of correlation in length between the two members (a and b) of the pairs. This turns out, as computed from table 2, to be 0.3881 * 0.0422. This signifies that if we select members having a certain length, when the length of these selected members (a) is changed by one unit, the length of the mates b is on the average likewise changed in the same direction, but that there is sufficient variation so that the average change for these unselected mates b is but 0.3881 of the change in the selected members a.
Now the question which interests us at present is this: When we obtain progeny from the two members, a and b, of the pairs, will these progeny likewise show a similarity in size and hence a coefficient of correlation? And will this similarity, as measured by the coefficient, be less than that of the parents; or equal to it; or greater than that of the parents?
If the progeny show a likeness in size not greater than that of the parents, then of course there is no indication of biparental inheritance-such similarity as exists being fully accounted for by the assortative mating between the parents. If there is actual inheritance from both parents, the coeficient of correlation between the progeny will be greater than that between the parents.
The parents at the time of conjugation are adults, of a medium size; they do not include specimens that are small because young, nor specimens that are large in preparation for fission; this is fully set forth in the paper by the senior author ('11). The progeny of these conjugants, on the other hand, include, as we find them, young and old. If, therefore, we take a single specimen of each line at random, we shall often obtain a young small specimen of a, an old large specimen of b ; the similarity in size that may actually exist between adults of average size being thus quite lost. Such random selection would, therefore, give a much reduced coefficient of correlation, as compared with that between adults of average size.
Evidently, the proper method of procedure is t o obtain by measurement of a considerable number of specimens the approximate mean for each line; then to measure the correlation between these means, for the two lines ( a and b) of each pair. This is what we have done for the 86 lines with which the present paper deals. The means for each line, together with the number of specimens measured, are given in table 3.
The coefficient of correlation between the means of the lines belonging to a single pair was computed from this table, employing each mean to the second decimal place. The coefficient in such a case is best computed without the formation of a table. It is to be remembered that we are in the present case dealing with like variates as members of the pairs; hence the methods employed with symmetrical tables are to be used. The coefficient was computed both by the product method and by the difference method. These give the same result, a coefficient of 0.5703. Making use of Shepard's correction, in connection with the product method, How can this difficulty be met? the correct coefficient of correlation is found to be 0.5744 + 0.0487. This coefficient is considerably higher than that found in the senior author's extensive study of the matter ('11)' to exist between the conjugants in any of the eight wild cultures examined. The mean of all the 86 means is found to be 40. 33 units (161.32  microns) ; the standard deviation of the means is 13.60 microns; their coefficient of variation 8.43 per cent.
The question may be raised as to whether the proper method of procedure for determining the coefficient of correlation would not be, to mate in the correlation tables every specimen of a of a given pair, with every specimen of b, ?f the same pair, thus giving a very large number of pairings (in this case 41,900), from which to compute the coefficient. This method of work might be useful for certain purposes, but our precise object is to determine whether the mean sizes of the lines a and b of the pairs are correlated and how much; this the method suggested would not do. By including among the matings those of young, small specimens of a with old, large specimens of b (and vice versa) the coefficient would be much reduced; so that even if the mean sizes of the members pairs were perfectly correlated (mean size of d and b equal in each pair), this method might give a low coefficient of correlation. We have worked out the coefficient by this method; mating each of the descendants of a of each pair with those of the corresponding b (41,900 pairings) gives a coefficient of correlation of 0.2871-almost exactly half that of the correlation between the means of a and b.
Our result, then, is that in consequence of conjugation, the coefficient of correlation of 0.3881, due to assortative mating, is increased to 0.5744-an increase of 48 per cent. This increase can be attributed only to biparental inheritance. As a result of conjugation, the progeny of the two members of the pairs become more alike in size-just as our previous study had shown them to become more alike in their rate of reproduction.
It may be of interest to compare the similarity in size of these members of pairs, with the similarity in rate of fission of the same lines. The lines were taken for measurement merely as they happened to come to hand, without any knowledge of their rates of fission. In table 3 each line is given the same number as in table 51 of our previous paper ('13), so that any comparison desired can be made. We will select for examination the number of fissions for each a and b of table 3 for the first twenty days of the experiment (as shown in table 51 of the previous paper). The correlation of the two members of the pairs (a and b) in number of fissions for twenty days is found to be 0.4439 * 0.0584. Thisis almost exactly the same coefficient as that found for the entire 358 lines that lived through the twenty days; this, as shown in our former paper ('13), was 0.4793 * 0.0275. The agreement between this value found for the 86 lines considered in the present paper, with that for the 358 lines of the entire experiment indicates that these 86 lines form a typical sample of the population, and that therefore the value found for the correlation of a and b in length would not have differed significantly if we had included representatives of a larger number of pairs. We may, therefore, conclude with confidence that the correct value of the correlation in mean size between the descendants of pairs for this case is close to 0.5744.
SUMMARY
As a result of conjugation the progeny of the two individuals that have conjugated become more alike in their average length, so that biparental inheritance occurs in respect to body size (as well as in respect to rate of fission). The members of pairs in the culture examined showed, owing to assortative mating, a coefficient of correlation in body length of 0.3881; this w~ increased as a result of conjugation to such an extent that their progeny showed a coefficient of 0 . 5 7 G a n increase of 48 per cent. 
